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(54) HARD FILM SUPERIOR IN SLIDABLENESS AND ITS COATING TOOL 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a hard film having fine holes on the surface such that 
the fine holes demonstrate a liquid holding effect, when a processing liquid or a lubricant is 
used for tools or parts whose surface is coated with the hard film having adequately arranged 
fine holes, and that, therefore, the film can extend a service life for tools including a tip, drill, 
metallic die, etc., and for sliding parts like bearings even under severe using conditions, and 
also to provide a coating device for this film. 

SOLUTION: The hard film, which is applied on the surface of a base material, is studded with 
such fine holes on the surface that have a depth of 1.0 urn or above, an average diameter of 
0.5-5 |am, and a ratio between the total hole opening areas and the entire hard film surface 
area of 0.02-0.20. Consequently, compared with a conventional identical hard film, a 
lubricating ability is secured by the supply of the processing liquid or the lubricant through the 
liquid holding effect, thereby enabling the life of the tools or the sliding parts to be prolonged. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] Hard film which is excellent in the sliding nature characterized by having the micropore 
whose diameter of opening it is the monolayer or two or more multilayers whose thickness of this hard 
film is 1-20 micrometers, and is 0.5-5 micrometers in the hard film which consists of one or more sorts 
chosen from 4a and 5 a of a periodic table, 6a group element, aluminum, the carbide of silicon, a nitride, 
an oxide, borides, and these mutual solid solutions [claim 2] Hard film this micropore excels [ film ] in 
the sliding nature according to claim 1 which the depth is 1.0 micrometers or more, and is characterized 
by the micropore depth being satisfied with a ratio with the average thickness of this hard film of 0.05- 
1 .00 [claim 3] Hard film the gross area of micropore opening excels [ film ] in a ratio with the gross area 
of the hard film at the sliding nature according to claim 1 or 2 characterized by being 0.02-0.20 [claim 4] 
Hard film which is excellent in the sliding nature according to claim 1 , 2, or 3 characterized by the hard 
film consisting of at least one sort of the carbide of titanium, a nitride, carbon nitride and the compound 
nitride of titanium and aluminum, and compound carbon nitride [claim 5] Hard film the field granularity 
of the hard film front face except the micropore section excels [ film ] in Ra at the sliding nature 
according to claim 1, 2, 3, or 4 characterized by being 0.2 micrometers or less [claim 6] The coat tool 
characterized by covering claims 1, 2, 3, and 4 and the hard film given in five to a base material [claim 
7] The coat tool according to claim 6 by which the above-mentioned base material is characterized by 
consisting of at least one sort in cemented carbide, a cermet, the ceramics, a cubic boron nitride sintered 
compact, hard steel, and a high speed steel 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the hard film and coat tool in which the sliding nature 
which was especially excellent in the tools for antifriction, bearing bushes, etc., such as cutting tools, 
such as a drill and an end mill, and drawing metal mold, is shown about the tool which covered the hard 
film covered by the base material front face and its hard film. 
[0002] 

[Description of the Prior Art] Hard film, such as TiN, TiCN, TiC, aluminum203, and N (TiAl), begins a 
cutting tool, and it is used for antifriction tool components or a slide portion article, and is contributing 
to life extension. Generally, although working liquid and a lubricant are used, in order for lubricity or 
cooling power to fall depending on a work material, processing conditions, or partner material and slide 
conditions, there is a problem said that extension of an activity life is difficult according to exfoliation of 
the film by frictional force buildup, the thermal metamorphism of printing by exoergic buildup or a base 
material, deformation, etc. 

[0003] Means, such as a coat, have the surface state (mainly granularity) of adjustment and ** hard film 
the class and amount of the extreme pressure additive in ** working liquid or a solid lubricant taken, 
and in order to solve this problem, generally they are taken [ class / of adjustment and ** hard film ] in 
selection and ** solid-state lubricating film. ** Generally as granularity adjustment, data smoothing, 
such as wrapping processing and blasting polish, is performed. Moreover, micropore is prepared in a 
front face and there is the approach of preventing printing by holding working liquid in micropore (the 
liquid pool effectiveness). Furthermore, there is the approach of covering a compound with 
comparatively low coefficient of friction, such as nitriding chromium, chromic oxide, and nitriding 
vanadium, as hard film selection of **. Furthermore, there is the approach of covering solid lubricants, 
such as molybdenum disulfide, a tungsten disulfide, a graphite, and diamond-like carbon (DLC), on the 
hard film as solid-state lubricating film of **. 

[0004] They are ******, such as JP,2-221714,A and JP,2000-001768,A, to what covers solid-state 
lubricating film, such as JP,08-132310,A and JP,2000- 107906, A, to what selects hard film, such as JP,7- 
2 16491, A, to what prepares JP,07- 157862, A and micropore in what carries out data smoothing as an 
example of representation of a specific prior art. 
[0005] 

[Problem(s) to be Solved by the Invention] It becomes JP,07-157862,A from the metallic carbide of the 
multicomponent system containing two or more sorts of metallic elements, a metal nitride, and metal 
charcoal and the nitride film, and a macro particle does not project substantially on a front face, but the 
abrasion resistance and the joining-proof nature hard coat coat tool which covered the hard coat which 
has a crater with a depth of 0.2-2 micrometers, and its manufacture are indicated. Although the hard coat 
indicated by this official report is what prevented joining of the work material in the time of a cut by 
removing the about 1-5-micrometer macro particle adhering to a coat front face and it is possible to 
improve cut precision and a tool life to some extent, since there is no lubrication effectiveness, on the 
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severe processing conditions which used working liquid, there is a problem referred to as being easy to 
start joining. That is, since the crater formed in the hard film indicated by this official report is the 
crevice produced when a macro particle was removed, it serves as a configuration which cannot 
demonstrate the liquid pool effectiveness. 

[0006] The sintered compact which has the micropore which the dispersed phase was removed from the 
front face by JP,7-216491,A, and formed micropore in it in the sintering hard metal which did 2-30 
volume % content of the dispersed phase which becomes with the oxide of calcium, Sr, and Ba, carbide, 
a sulfide, etc., made the hard phase the carbide of 4a, 5a, and 6a group metal, the nitride, and the boride, 
and made the iron-group metal the binder phase by this invention persons, and its manufacture approach 
are indicated. Although the sintered compact indicated by this official report can reduce friction wear 
according to the liquid pool effectiveness of the micropore which exists in a front face, it has the 
problem which abrasion resistance says as imperfection compared with the lowering on the strength and 
the hard film coat article by the dispersed phase. 

[0007] Next, the lubrication hard film coat drill with which the 0.01-2.0-micrometer hard surface 
coating which consists of CrOy (0.3<=y<=1.5) on the 0.05-5.0-micrometer hard coat of CrNx 
(0.3<=x<=l .0) is made is indicated by JP,08-132310,A. Moreover, the coat hard tool which carried out 
VCN(ing) or (TiV) CN coat coat further on the coat hard metal which covered the nitride which uses Ti 
and aluminum as a principal component, carbon nitride, and a carbonic acid nitride is indicated by 
JP,2000-107906,A. 

[0008] Although the hard multilayer indicated by both [ these ] official reports tends to raise lubricity by 
Cr (O) of an outer layer, and V (CN) and tends to raise abrasion resistance by Cr (N) of a inner layer, N 
(TiAl), etc., since the lubricity of an outer layer is inadequate, or since an outer layer tends to exfoliate, 
there is a problem said that there is little life extension effectiveness. 

[0009] Furthermore, the solid lubrication bearing which covered the cascade screen with solid lamella 
lubricants, such as elasticity metals, such as TiC, gold, silver, and lead, or MoS2, WS2, to the slide side 
of a bearing is indicated by JP,2-221714,A. moreover, to JP,2000-001768,A It is chosen from the 
periodic tables 4 and 5, 6 group metallic element, and aluminum, Si, B and C. The element more than a 
kind, In a laminating coat with the substrate layer of the high degree-of-hardness coat which consists 
more than of a kind chosen from B, C, N, and O, and the surface layer which uses molybdenum 
disulfide as a principal component The compound abrasion resistance hard coat which has the solid-state 
lubricity in which more than a kind of 4, 5, and 6 group metallic element contained 0.5at(s)% - 10at% in 
a surface layer is indicated. <BR> [0010] Although the lubricative coat indicated by both [ these ] 
official reports uses extension of a tool life as a drawing wax with the lubricity by MoS2, since MoS2 is 
elasticity and it exfoliates from abrasion or the substrate film, on a cut or severe slide conditions, there is 
a problem said that there is almost no life extension effectiveness. 
[0011] 

[Means for Solving the Problem] When this invention persons are examining the hard film which has 
the property which possesses simultaneously the opposite property of abrasion resistance, and sliding 
nature and lubricity over many years, when frictional force is reduced by the micropore to which this 
micropore held working liquid and held the working liquid, they acquire the knowledge that friction and 
wear of the hard film are reduced remarkably, by having the micropore in which the hard film carried 
out opening. 

[0012] The hard film which is excellent in the sliding nature of this invention, and its coat tool the 
monolayer whose thickness is 1-20 micrometers, or two or more multilayers — it is — 4a (Ti --) of a 
periodic table In the hard film which consists of one or more sorts chosen from each element of Zr, Hf, 
5a (V, Nb, Ta), and 6a (Cr, Mo, W) group, aluminum and the carbide of silicon, a nitride, an oxide, 
borides, and these mutual solid solutions The diameter of opening has the micropore which is 0.5-5 
micrometers in this hard film. 

[0013] The sliding nature in which this micropore was excellent when the depth was 1 .0 micrometers 
and the micropore depth was satisfied with a ratio with the average thickness of this hard film of 0.05- 
1 .00 is maintained. Moreover, the gross area (total of each micropore opening area) of opening of 
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micropore is satisfied with a ratio with the gross area of the hard film of 0.02-0.20. 
[0014] Moreover, the field granularity of the hard film front face except the micropore section reduces 
early coefficient of friction by being 0.2 micrometers or less in Ra, and the synergistic effect with 
micropore is acquired. 

[0015] The base material which covered the hard film of this invention demonstrates the engine 
performance which was excellent as a coat tool, and is characterized by consisting of at least one sort in 
cemented carbide, a cermet, the ceramics, a cubic boron nitride sintered compact, hard steel, and a high 
speed steel as a concrete base material, and remarkable effectiveness is especially acquired in these base 
materials. 
[0016] 

[The mode of implementation of invention] In the hard film which consists of one or more sorts as 
which the hard film which is excellent in the sliding nature of this invention was chosen from 4a and 5a 
of a periodic table, 6a group element, aluminum, the carbide of silicon, a nitride, an oxide, borides, and 
these mutual solid solutions It is the hard film which is excellent in the sliding nature characterized by 
having the micropore whose diameter of opening the thickness of this hard film is the monolayer or two 
or more multilayers which are 1-20 micrometers, and is 0.5-5 micrometers. If an example is given 
concretely, as monolayer, TiC, TiN, TiB2, TiCN, TiCNO, TiBN, ZrN, HfN, VN, CrN, N (TiAl), CNO 
(TiAl) and CN (ZrV), Si3N4, aluminum203, Zr02, Cr 203, etc. can be mentioned. Moreover, a 
multilayer is the combination of these monolayers membrane type, and, specifically, can mention TiN/ 
(TiAl) N, TiCN/TiB2, TiN/(ZrV) CN/aluminum 203, etc. from a base material side. 
[0017] The formation of micropore performed at an after process as it is at least one sort in TiC, TiN, 
TiB2 and TiCN by which the outermost layer of drum of the hard film was covered with physical vapor 
deposition, and N (TiAl) and CN (TiAl) is easy also especially in these, and since a smooth flat surface 
is easy to be acquired, it is desirable. 

[0018] In order to cause membranous exfoliation and lowering on the strength when the residual stress 
resulting from a coefficient-of-thermal-expansion difference with a base material increases if the 
effectiveness of raising abrasion resistance is small and becomes thick exceeding 20 micrometers when 
the thickness of the thickness of this hard film is thinner than 1 micrometer, it was determined as 1-20 
micrometers. 

[0019] micropore - the hole - the working liquid which invaded into micropore when lubricative 
effectiveness became large exceeding 5 micrometers rather than was enough, since it was what reduces 
coefficient of friction by working liquid being invaded and held in inside, and working liquid was not 
able to invade [ the diameter of opening ] easily into pore by less than 0.5 micrometers — flowing out ~ 
being easy - since the liquid pool effectiveness by working liquid maintenance was not acquired, it was 
determined as 0.5-5 micrometers. 

[0020] Since desired lubricity is not obtained when shallower than 1 micrometer, limit the depth of 
micropore with 1 micrometers or more, and all the thickness of the hard film is received. The depth of 
micropore was restricted to the range expressed with the ratio of 0.05-1 .00, and when especially hard 
thickness was exceeded that is, put in another way by the above-mentioned ratio and the micropore of 
the depth exceeding 1 was formed, in order to cause lowering of the whole base material on the strength, 
it was determined as 0.05-1 .00, 

[0021] Limiting by the above about each of micropore, the gross area (total of each micropore opening 
area) of micropore opening defined that it was 0.02-0.20 to the area of the whole hard film. Less than by 
0.02, since abrasion resistance would fall in connection with the rate of the hard film surface area which 
contributes to friction relatively falling if the reduction effectiveness of coefficient of friction is small 
and exceeds 0.20, since there are few amounts of [ liquid pool ], this determined it as 0.02-0.2. 
Measurement of the gross area of micropore opening is performed as follows. A hard film front face is 
expanded by 300 to 1500 times with an optical microscope, and the image data is digitized. 
Furthermore, the gross area in the image is obtained by carrying out computer image processing of the 
image data. 

[0022] Moreover, by controlling the surface roughness of the hard film, the synergistic effect with the 
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liquid pool effectiveness of micropore is acquired, and when the surface roughness of the hard film 
except the micropore section is 0.2 micrometers or less in Ra, desired lubricative effectiveness is 
acquired. 

[0023] While having abrasion resistance by covering these hard film to a base material, the coat tool 
possessing the property of opposite lubricative both is obtained. As a concrete base material, it is 
characterized by consisting of at least one sort in cemented carbide, a cermet, the ceramics, a cubic 
boron nitride sintered compact, hard steel, and a high speed steel, and remarkable effectiveness is 
especially acquired in these base materials. 

[0024] Formation of micropore is obtained by chemical or mechanical clearance or the exposure of a 
laser beam after a hard film coat in the drop let in a coat, and the heterogeneous particle sprinkled during 
coating. If drop let is the metallic high granular structure, the crevice where drop let was removed will 
be obtained as micropore by being immersed in an acid, alkali, etc. Moreover, also by injecting the 
water solution which the alumina powder of a particle suspended by the high voltage force on a film 
front face, drop let and a heterogeneous particle are removed and the hard film which has micropore is 
obtained. Moreover, since only the low melting point section is selectively removed [ drop let or a 
heterogeneous particle ] for the melting point from the hard film by the exposure of a laser beam in low 
conditions more than fixed, micropore is obtained. 
[0025] 

[Function] Since micropore has the liquid pool effectiveness, they act as lubricity, and the hard film 
which is excellent in the sliding nature of this invention, and its coat tool reduce friction wear, and 
prevent exfoliation of printing and the film while they raise abrasion resistance as for the hard film. 
[0026] 

[Example 1] As a base material, the solid drill (8.0phimm, presentation: WC-10wt%Co, 
hardness:HRA=91.5) made from cemented carbide marketed was prepared, and the arc ion plating 
system in which target fixation of four poles and fine-particles spraying to a processing object front face 
are possible was used as coat equipment of a hard coat. First, deaeration was performed after Ar spatter 
fully washed the drill front face by holding for 10 minutes, being referred to as about 0.1 Pa and applying 
the bias voltage of -600V, having heated at 500 degrees C and introducing Ar gas, after inserting the 
base material drill into equipment and considering as the vacuum of abbreviation lxl0-3Pa. 
subsequently, the thing for which coat processing is performed one by one as it is also at the coat 
conditions (a target class, gas constituents and a flow rate, bias voltage, an arc current, processing time) 
shown in a table 1 - the coat drill raw material of A-D was obtained. 
[0027] 
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* Note IP: Ion plating (reaction vacuum evaporationo) 

PD: Particle deposition (massive particle vacuum evaporationo) 

[0028] Next, surface treatment which showed the coat drill raw material of A-D in a table 2 was 
performed, and the coat drill which has micropore on the front face of this invention article 1-4 and the 
comparison article 1-3 was obtained. And the coat drill-bit section after pretreatment was observed with 
the scanning electron microscope, and it asked for the area rate of the micropore section to the pitch 
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diameter and all the front faces of micropore which were formed in the coat front face. Moreover, the 
depth of the film configuration (a component, thickness) from the cross-section organization of the 
edge-of-a-blade section and micropore was measured. These observation / measurement results were 



written together to a table 2. 
[0029] 

[A table 2] 
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* notes liquid-honing condition: - the suspension (30 g/L) of #400 alumina powder - 0.2MPs - 
injection immersion condition: ~ the inside of 10%HC1 and lOmin electrolysis processing condition: 5% 
H2S04, and 2.5Vx0.05 A/cm2x2.0min [0030] Hole dawn processing was continuously performed on 
condition that work material :S45C, cut periphery rate:80 m/min, hole depth:40mm, and wet processing 
(emulsion mold working liquid activity) using the obtained coat drill of this invention article 1-4 and the 
comparison article 1-3. The number of holes which can process it until chipping generating of the edge 
of a blade, breakage, or rapid torque lifting by scraps plugging occurs is shown in a table 3. When 
normal to 400 hole processing, the amount of average flank wear of the edge of a blade was written 



together. 
[0031] 
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[0032] 

[Example 2] After finishing-grinding-process-producing the punch for stamping by making the whole 
surface into rough grinding by the diamond wheel of 140# and 800# using the cemented carbide raw 
material for antifriction tools (it is about [ V30 ] at JIS), coat punch of this invention 5 and the 
comparison article 4 was obtained on the same approach and conditions as this invention article 3 of an 
example 1, and the comparison article 3. The thickness:0.6mm zinc steel plate was pierced and 
processed using water-soluble working liquid using these, and the shots per hour until a defective is 
generated in weld flash was measured. Consequently, the number of the comparison articles 3 was about 
520,000 to the number of this invention articles 3 being about 1 million. 
[0033] 

[Effect of the Invention] Since micropore has the liquid pool effectiveness as expressed with the result 
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of a table 3, the hard film which is excellent in the sliding nature of this invention, and its coat tool act 
as lubricity, friction wear was reduced, exfoliation of printing and the film is prevented, and the 
elongation of a tool life was remarkable. Moreover, also in punch by punching processing which used 
working liquid so that clearly, the twice [ about ] as many tool life as this was brought about in the 
example 2. 



[Translation done.] 
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